The study of brain plasticity has tended to focus on the synapse, where well-described activity-dependent mechanisms are known to play a key role in learning and memory. However, it is becoming increasingly clear that plasticity occurs beyond the synapse. This review focuses on the emerging concept of white matter plasticity. For example, there is growing evidence, both from animal studies and from human neuroimaging, that activity-dependent regulation of myelin may play a role in learning. This previously overlooked phenomenon may provide a complementary but powerful route through which experience shapes the brain.
Introduction
White matter (WM), consisting of axons connecting different brain regions, constitutes about half of the total human brain volume. Axons can be myelinated or unmyelinated, and it is myelin's chemical composition of mainly lipids that gives the WM its characteristic color. If the myelinated axons of an adult human brain were laid out end to end, the total length would reach approximately 160,000 km (Marner et al., 2003) .
Besides axons, WM also contains myelin-producing oligodendrocytes, astrocytes, microglia, and oligodendrocyte precursor cells (OPCs). In the CNS of the rat, each oligodendrocyte can myelinate more than 20 axons, but this varies between brain areas (Chong et al., 2012; Davison and Peters, 1970) . Myelin is formed in segments with the unmyelinated axonal areas between segments called nodes of Ranvier. The primary function of myelination is to speed conduction of the electric impulse along an axon, allowing the action potential to travel long distances faster (reviewed in Freeman et al., 2016; Hartline and Colman, 2007) . Other features of WM such as axon diameter, internode length, ion channel density, and myelin thickness also affect conduction speed. In gray matter, myelin plays a role in neurite growth inhibition (McKerracher et al., 1994) , potentially limiting plasticity once a circuit has been formed (McGee et al., 2005) . Complex cortical networks tend to be less myelinated (McGee et al., 2005) and thus more prone to plasticity mechanisms, suggesting that myelin might provide the finishing touches in circuit formation.
Myelination is so important for the proper function of the nervous system that it is thought to have evolved independently in several distinct animal branches (Hartline and Colman, 2007) . Myelination is particularly important in larger brains, where finely calibrated conduction speeds are necessary for signal coordination across long distances. Brain tracts like the corpus callosum are not fully myelinated and there is great variation in myelination from brain region to region (Sturrock, 1980; Young et al., 2013) . Furthermore, axons can exhibit long unmyelinated stretches between myelinated segments (Tomassy et al., 2014) as well as variation in internode length (Ford et al., 2015) . This suggests that faster is not always better; instead, myelination is finely and locally tuned in order to coordinate the timing of action potentials that may require both high and low conduction speeds (Waxman, 1997) . Recent simulations support this view (Arancibia-Cá rcamo et al., 2017; Etxeberria et al., 2016; Ford et al., 2015) .
The importance of WM to brain health has long been appreciated due to devastating effects of WM diseases such as multiple sclerosis. However, WM has traditionally taken a backseat role in our understanding of behavior and is typically considered to simply provide a route for communication between neurons. Similarly, conceptions of how brain connections change with experience have naturally focused on the synapse, where Hebbian plasticity mechanisms such as long-term potentiation provide a powerful substrate for learning. However, it is becoming increasingly clear that WM plasticity offers a complementary route through which experience can shape brain connections. Recent evidence from both human (Scholz et al., 2009 ) and rodent neuroimaging studies (Blumenfeld-Katzir et al., 2011; Sampaio-Baptista et al., 2013) , as well as knockout mouse models (McKenzie et al., 2014) , shows that WM demonstrates dynamic, experience-dependent plasticity that contributes to learning in the adult brain.
In the next sections, we will discuss possible cellular mechanisms of WM plasticity, such as new myelin formation, changes in myelin thickness, internode length modulation, and alterations in the nodes of Ranvier. We will also summarize activity-dependent myelination mechanisms that might underlie experiencedependent changes in the adult brain. Finally, we will review the current evidence from human and animal models that provides support for WM plasticity in response to learning and experience during adulthood.
Cellular Mechanisms of White Matter Plasticity
Experience-dependent WM plasticity requires mechanisms through which activity along an axon can alter the structural properties of that axon. For this process to be relevant to learning, these alterations in structure would in turn be associated with changes in the functional properties of the axon, giving rise to alterations in behavior. As discussed above, alterations in the structural properties of the axon, such as myelin, axon diameter, or internode length, give rise to changes in physiological properties such as conduction speed, which will have relevance to behavior (Fields, 2015) .
